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SIMPLE GEARS 



Ob.1eotlve 

To develop an uncLerstandisig of the operation ox a sliaple gear set* 



Materials 
Itca Me , 

1 

2 

3 

if 

5 

6 

7 

8 

9 

10 

U 

12 

13 



Quantity PeseriiDtlon 



2 

1 

3 

6 

6 

6 

X 

2 

1 

1 

1 

1 

5 



80«Tboth Spar Gear 
60«Ibotb S^r Gear 
40«!Zboth Spar Gear 
l/4*-20 Thumb Sorens 
lAf"-20 Plain Nuts 
iA"-20 va.ng Nuts 
Gar Hoonting G^ard 
l/if"-28 ihzts 
Threaded Bishing 
3/16"-24 Thumb Serew 

3ig.$"-2{f ^ttng Nat . 
3/l6»-24 mLi Nut 
Ifesliere 1/4** diameter hole 



us D(P»IM(NI Of HUIIH fOUC/mOM » WflfURf 
OffICf Of fOUC/kllON 

?MIS OOCUMfMI HAS BffN RtPRODUCfD 1X4CUY AS RfCfIVfD fPOM IHf 
PfRSOii OB 0B6ANIZATI0N ORIGINAIING II POIBIS Of VlfW OB OPINIONS 
SIAIfD DO NOT NtCtSSABIlY BtPBfSfNI OfflClAl OfflCt Of fDUCAIlON 
POSITION OB POLICY 



HOISi Items 8, 9. 10, 11 idll not bs needed onm Exercise 2. 



Saggestions to the Inetiiictor 

1* Fbllow the procedure in the STOCeNT’S MiNOdL, starting at the Step- 
ty^Step Procedure section^ 

1® veiy important that the gears turn froeGL 3 T on the thumb screw 
before mounting on the board. The nut should be tight enough to 
present the gear from being loose, bat it should turn freely* 

3. When sliding the gear to mesh with another they should mesh securely, 
hut not so tight that they hind or stop* 

4* Minor adjustments may be made by loosening the thumb seiww slightly 
to allow the gear to turn more freely* 
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5* The foUo^dng points should be emphasized: 

a« When tu) gears are in mesh, th > larger gear will turn fewer 
times than the smaller. 

b* VThen two gears are in mesh, they turn in opposite directions* 

c* Vhen a large gear drives a small gear there is an increase in 
speed and a decrease in power* 

d* Vftien a small gear diives a laiiger gear, there is a decrease in 
speed and an increase in power* 

e* In a gear train of three gears, the gear xatlo is detezmined 
ly the first and last gears in the train* 

f* In a gear train of three gears, the first and third gears turn 
the same direction* 

g* Vdth gear trains of four gears, the first and last gears rotate 
in opposite directions* 

6* Answers to the stated problems in the MIMAL: 

SL<.2 PEVER 
a-3 OPPOSEIE 
a-3 POWER 
a-3 PO^iR 

a-4 SAME 

a-4 oppoaTE 

7* Answers to the Qiestions in the STUDEMT*S MANUAL : 

1* slower or fewer times 

2* opposite 

3* same 

4* same 

5* opposite 

6* power 

7* last 
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Laboratoiy Tinning Exercise 
STUDENT* S M/INUAL 
Exercise 1 



Ihe George Vfeishington University 
Education Research Project 
1966 



SDlPTj; GS/IRS 



Purp ose 

To understand the operation of a simple gear set. 



Materials 

Item No . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 



Quantity 

2 

1 

3 

6 

6 

6 

1 

2 

1 

1 

i 

5 



Description 



80-Tooth Spur Gear 
60-Tooth Spur Gear 
40- Tooth Spur Gear 
l/4"-20 Ihumb Screws 
l/4".20 Plain Nuts 
l/4”-20 VELng Nuts 
Gear Mounting Board 
l/4"-28 Nuts 



Threaded Bushing 
3/16"-24 Thumb Screw 

3a 16«-24 Wing Nut 
3/16"-24 Plrfn Nut ‘ 

wishers 1/4 iiamete»* hole 



■■ 

NOIE: Items 8, 9, 10, 11 will not be needed until Exercise 2. 



Step- by- Step Procedure 

1. Notice the various sizes of gears. Put all six gears on top of one 
another and you will see there are two large gears, one middle size, 
and three small. The large gears have 80 teeth apiece, the midiile size 
has 60 teeth, and the small gears have 40 teeth. Thfise gears will be 
referred to the number of teeth in the rest of the experiment. 

2. Mount the one 80-tooth gear on a thumb screw through the center hole 
in the gear and screw a plain nut on behind it. Tighten the nut only 
tintil the gear will turn freely on th? tliiimb screw. 



NOTE: Ihe procedure on Page SL-1, Step 2, till be used ^iien 

mounting any gear on the board in this exercise* 

3* Mount all the gears on separate thumb screws by following the same 
procedure* 

Gear trgAns with two gears 

4* Mount one 80-tooth gear on the gear board by putting the threaded 
part of the thumb sc^e*^T through the slot in the board and sliding 
it all the way to the left end of the slot* 

5* Put a wing nut on the thumb screw and tighten it* The gear should 
turn freely* 

6* Mount a 40-tooth gear on the board by repeating Steps 4 
and 5 and sliding the gear up to the 80-tooth gear so 
they will mesh or contact each other* 



NOTE; VIhen mounting gears* they shouJ.d be in contact with 
each other so th j teeth will mesh and the gears will 
rotate freely but not interfere with the turning 
action* Ihis procedure will be followed Wien 
mounting any gear* 

7* Make a maik with a grease pencil or raai^xing pen across the 
two gears where they mesh* 

8* ^tch the mark on the 40-tooth gear and rotate the 80-tooth 
gear one complete turn* Notice the 40-tooth gear turns tvo 
turns for each turn of the 80-tooth gear* 

VfiEN TW} GEARS ARE IN MESH, TEE LARGER 

GEAR WELL TURN TIMES TEiAN 

THE SMALLER. 
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9* lUni thQ large gear cloclcwise and observe the dilution of rotation 
of the small gear* 

WIEN TVD GEARS ARB IN MESI, THEY 
torn in DliSCTIONS. 

10. Put your finger lightly on the edge of the small gear and tiy turning 
the large gear. It is rather difficult to turn it. 

WIEN A lARGB C^R DRIVES A SIALL 
GEAR, THERE IS AN INCIEAa; IN SH3ED 
and the IS REDUCED. 

11. I\it 3 Tour finger lightly on the edge of the large gear and try turning 
the small gear. Notice you can turn the gear rather easily. 

WIEN A SlALIi GEAR DRIVES A LARGE GEAR, 

THERE IS A DECISASB IN SPSBD AND THE 
IS INCREASED. 



Gear trains -w ith three gears 

12. Mount the other 80-tooth gear next to the 40-tooth gear. 
(Steps 4, 5 and 6.) 

13. Make a mark at the top of the second 80-tooth gear and 
rotate the first BO-tooth one complete turn. Notice the 
second 80-tooth gear makes only one turn. 

IN A GEAR TRAIN OF THREE GEARS, THE 
GEAR RATIO IS DETERMINED BY THE FIRST 
AND LAST GEARS IN THE TRAIN. 
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14, Rotate the first 80-tooth gear clockwise and observe the direction of 
rotation of the second 80-tooth gear* 

IN A GEAR TRAIN OF THIEE GEARS, 

THE FIRST AND THIRD GEARS TURN 
IHE DIRECTION. 

15* Check the power transmitted through the first and third gears as you did 
in Steps 10 and 11. Notice that there is no increase in speed and power* 

Gear tiains vuth four gears 

l6* Mount the 40-tooth gear nejct to the 80-tooth gear as you did 
in Step 12* 

17* Observe the direction of rotation liien the first 80-tooth 
gear is turned clockidse. Notice that it rotates in the 
opposite or counterclockwise direction* 

WTTH GEAR TRAINS OF FOUR GEARS, IHB FIRST 
AND LAST GEARS ROTATE IN DIRECTIONS* 

18* Make a maik at the top of the first and fourth gears and rotate the 
first gear with 80-teeth one complete turn. Noti^^e the fourth gear 
with 40-teeth makes two turns, the same as the second 40-tooth gear* 



IN ANY GEAR TRAIN WEIH SEMPLE GEARS, THE GEAR 
RATIO IS DETERMINED BY THE FIRST AND LAST GEARS 
ONLY. THE GEARS IN THE MIDDLE DO NOTHING EXCEPT 
CHANGE THE DIRECTION OF ROTATION. 

Gear trains with five or more gears 

19* Mount the rest of the gears to make a gear train 5 6 gears long. 

20* Make the following observations: 

a. eveiy other gear turns the same direction, 

b* total gear ratio is determined by first and last gears in train. 
21* Remove the gears from the board and rearrange them as you please. 
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qoEsnoNs 

1* When two gears are in mesh the larger gear will always 
turn than the smaller* 

2* When two gears are in mesh they will always turn in 

directions* 

3* When throe gears are in mesh the end gears turn in the 
direction* 

4* Whffli five gears are in mesh the end gears ^11 turn the 

direction* 

5* When four gears are in mesh the end gears will turn in the 

direction* 

6* When a large gear and a small gear are in the mesh and the 
small gear is the driven gear there will be an increase in 



7* When five gears are in mesh the gear ratio is determined by 
the first and gear in the train* 
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Laboratory Training Exercise 
TEAOIBR'S MANUAL 
Exercise 2 



The George Washington University 
Education Research Project 

1966 



OOMPOUND GEARS 



Objective 

To develop an understanding of a compound gear set and how it 
differs from sim^^e gears. 



Materials 

Item Wo . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 



Quantity Desorlotion 



2 80-Tooth Spur Gears 

1 60 -Tooth Spur Gears 

3 4l;-Tooth Spur Gears 

6 l/4”-20 Thumb Scre^ 

6 l/4"-20 aain Nuts 

6 l/4"-20 Wing Nutc 

1 Gear Mounting Board 

2 l/4'»-28 Nuts 

1 Threaded Bishing 

1 3/i 6"-24 Thumb Screw 

1 3/16"-24 mng Nut 

1 37i 6"-24 HLain Nut 

5 Whshers 1/4” diameter hole 

Suggestions to the Instructor 



1. Follow the procedure in the STUDENT'S MANUAL, starting at the Step- 
by-Step Procedure section. 



2 . It may be necessary to obtain a pair of fd.iers before starting the 
exercise. The pliers may be necessary to tighten the nuts on the 
threaded bushing liien making a compound gear. 

3. Slight adjustments may be necessary liien mounting the gears on the 
bo«,xd. This can be done by adding washers bcitTnen the boarvl and 
the gears. 

4. The gears should all turn freely ihen mounted on the board and 
should mesh with each other. 



5. It is very important that the gears turn freely on the thumb screw 
before mounting on the board* Ihe nut should be tight enough to 
prevent the gear from being loose but it should turn freely. 

6. The following points should be emphasized: 



a. The purpose of a compound gear is to effect a large 
increase in speed or power ;.^'thout using a vexy large 
gear. 



b. Compound gears act the same in evezy other respect 
(direction change, increase in speed or power, and 
g®r ratio determination) as simple gears. 

7. Answers to the stated problems in the STUDENT’S MANUAL: 

S2-2 ™ 

S2-3 Poyg)R 

8. Answers to the Questions in the STUDENT’S MANUAL: 

1. large 

2. same 

3. two 
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La’ ^latoiy Training Exercise 
STui]0BMT*S MANUAL 
Exercise 2 



Ihe George Vfeishington University 
Education Research Project 

1966 



COMPOUND GEARS 



Parpose 

To understand how compound gears opeiate# 



Materials 

Item No . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

13 



Quantity Description 



2 80-Tooth Spur Gears 

1 60 -Tboth Spur Gear 

3 4o-Tooth Spur Gears 

6 l/4"-20 Thumb Screws 

6 l/4"-20 Plain Nuts 

6 l/4"-20 l(&ng Nuts 

1 Gear Mounting Board 

2 l/4"-28 Nuts 

1 Threaded Bashing 

1 3 / 16 ” -24 Ihumb Screw 

1 3/i 6"-24 W.ng Nut 

1 3A6"-24 Plain Nut 

5 Vh^ers 1/4” diameter* hole 



Step-by-Step Procedure 

1 . Put one nut on the threaded bushing* 



2. Slide a 40-tooth gear over the bushing. 

3 . Put one washer over the bushing on top o£ the gear. 

4. Slide an 80-tooth gear over the bushing. 

5 . Screw a nut over tie bushing and tighten it. Iho arrangonent should look 
like this picture, but with all parts close to each other. 






6. Noant U±9 unit, oalled « ooM p onnd gmr unit baoaose it has tio 
gears ooonaotsd togethsTt in the oeotair of the slot in the gear 
hoard using the foUoidng pxooednre: 

a. Insert a j/l6* dUaeter thnb serev tiimgh the hashing. 

b* The hO<-tooth gear should be on top. 

0 * Bit a nut on the part of the screw that ooaee through 
the bashing. 

d* Bit a washer orer the screw* 

e. Bit the unit through the slot in the board* 

f * Bit on a washer* 

■ g* Bit on a w| w g nut and ti^ten the unit to the board. 

The gear unit should tuxn freely* 

A OOMPOOHD GEAR OttET HAS GEARS 

fASEBHBD IDGBIHBR 01 IHB SftMB SAFT* 

7* Hount a hO-tooth gear to the left of the conpound gear using the 
pxocedire followed in Exercise 1, tat add three washers above the 
gear board to raise the gear so it will nesh with the 80-tooth gew 
on the ooapound gears* 

8* Hount an 80-tooth gear to the right of the coopound gear 
unit by using two nuts and three washers to raise the 
gear to nesh lAth the ^lO-tooth gear on the oonpound unit* 

9* Hake a nark at the top of the ^-tooth gear on the left 
and the 80-tooth gear on the left* 

10* Rotate the 40-tooth gear on the right one conplete turn* 
Observe that the 80-tooth gear Hakes one^quarter of a 
revolution. «i^k i» g a four to one gear reduction. 
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U« haldlTn the dogtooth g«r liiile rotating the ^-tooth gear* 
liotloe ywi can tam the hO*tooth gear <|aite eaeilj* 



lOIBt The hO«tooth gear en the left aeshee lAth the 80- 
tooth gear in the canter aaking a t«o to one 
redbiotion* The <iO-tootb gear nounted on the ease 
abaft aa the 80-tooth gear aeahea idth the 80-tooth 
gear on the right naking another teo to one 
redbiotion or a total of four to one* 

12* Ihm the 80-tootb gear on the right one oonplete revolution and 
notice the 40-tooth gear on the left nakea four revolutipna* 

13* fty holding the 40-tooth gear and taming the 80-tooth ga^r* Hotioe 
you can bold it quite easily* There ia an inoraaae in apeed tut a 
reduction in pover in this type of a gear train* 



A OQKFOOND (BAR Gill B OSD TO AGBIBVE 
LABOB tRCHBUBS IN SRBBD OB 



tCTNOOT 03CNQ A NBBT UHB (BAB. 



14. Txf nounUng the dO-tooth gear in pLace of the 40-tooth gear on the 
ooBpound gear unit and repeat Stepa 9 through 13* Obaerve the 
reaulta by changing thia gear* 
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gIEf?nONS 



1, A compound gear unit can make ■ changes 

of speed or power \dthout using veiy large gears, 

2, X compound gear unit acts the as a 

simple gear unit \iien determining direction of 
rotation. 

3, A compound gear unit has gears on the 

same shaft. 
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Laboratoiy Training Exercise 
TBACHSR*S HiNUAL 
Exercise 3 



The George Vfeishington University 
Education Research Project 

1966 



SOLVING GSkK PHOE^MS 



Objectives 

To develop an appreciation and understanding of how gear trains 
operate and how they may be used to solve specific piobLems. 



Materials 

Item No, 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 



Quantity Description 



2 

1 

3 

6 

6 

6 

1 

2 

1 

1 

1 

1 

5 



80-Iboth Spur Gears 
^-Tooth Spur Gear 
40-Tboth Spur Gears 
l/4"-20 Thumb Screws 
l/4"-20 Plain Nuts 
l/4"-20 Wing Nuts 
Gear Mounting Sbard 
l/4«-28 Nuts 



Threaded Bushing 
3 /i 6"-24 lliumb Screw 
3/16"-24 Wing Nut 
3A6»-24 oSn Nut 
Vlashers 1/4" diameter hole 
Suggestions to the Instructor 



!• This is an optional exercise that may be performed as the time permits* 

2* This exercise should not be attempted unless the students have a thorough 
understanding of Exercises 1 and 2. 

3. Snphasize the method of mounting gears as demonstrated in Exercises 1 and 2. 

4* The solutions to the Problems as showi below may not be the only answers or 
methods of solving the problem. Check the student*s work to see that the 
problem is solved correctly. 



5 . Answers to the Problems: 



1 . 




2 




80«Iboth Oeai* 



^-Iboth Qear 



3 . 




4 , 
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Laboratozy Tralziing Exercise 
SIODERTiS MINOIL 
Exercise 3 



The George libshington 0ziiversit3r 
Education Research Project 

1966 



aOLVIMG GEAR PHQBfJMS 



16 denreilop gear trains that uLU. do a specific Job* 



Materials 



Item No. 



1 

2 



3 

4 

5 

6 

7 

8 

9 

10 



U 

12 

13 



Deseiiotion 



2 

1 

3 

6 

6 

6 

1 

2 

1 

1 

1 

1 

5 



80-ltooth Spur Gears 
60-lboth J^)ur Gear 
40-lboth Spur Gears 
l/4”-20 Thumb Screws 
l/4”«20 Plain Ruts 
l/4'^-20 Vfijig Nuts 



Gear Mounting Board 
l/4»-28 Nuts 
Threaded Bushing 
3A6"-2^ Ihunb Screw 
3A§"«24 Wing Nut . 

bol. 

Steo- by ^Step Procedure 



1* In this exercise it wLU be necessary to use the information gained in 
Exercises 1 and 2* Compound or simple gears may be used* Gear reduction 
or increase will be specified and the direction of rotation* 



2* First determine \tat gears must be used and then mount them on the board 
to perform the reduction* 



Pmhlaiifi 

1* Make a gear unit Tdth a one to one ratio with the end gears turning 
the same direction* 

2* Make a gear unit with a two to one reduction with the gears turning 
the opposite direction* 

3* Make a gear unit with a one to one ratio with the gears turning 
opposite directions* 

4* Make a gear unit with a four to one ratio with the gears turning 
the same direction* 
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Laboratory Training Exercise 
TEACHERS S MANUAL 
Exercise 4 



The George Washington University 
Education Research Project 
1966 



FRICTION 



Objective 

To demonstrate i<hat friction is and how it works. 



Materials 

Itan No . 
1 



2 



3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

14 

15 



Quantity Description 



1 Friction Block 

(This is a 4" X 1 3/4” x 1" wooden block. 
A hook is in one end and two holes are 
in the top.) 

1 Friction Platform 

(This is the l6" x 2 l/2" x 3/8" board 
with a piece of half-round molding at 
one end.) 

2 Pegboard Hooks 

2 Wbod Dowels, l/2" diameter x 2" long 

3 1-ounce Weights 

1 4-ounce V/eights 

1 5-ounce Weights 

2 S Hooks 

10 Rubber Bands, l/2” diameter 

5 Rubber Bands, 2” diameter 

1 Sandpaper 

1 18-inch String 

1 Paper Clip Hook 

1 Spring Scale 

25 washers, l/4” diameter hole 



Suggestions to the Instructor 

1, Follow the procedure in the STUDENT’S MANUAL, starting at the Step- 
by-Step Procedure section. 

2, Student commait and discussion is desirable throughout the demonstration, 

3, The teacher, in order to encourage discussion, may wish to ask questions 
and make comments regarding the relationships that exist between this 
laboratory exercise and its application as found in the materials, 
tools, and machines the student encounters in his environment. 
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a. See if anyone can explain friction. 

b. Giv^e examples of frict^.on. 

c. Rub your hands together and demonstrate slipping and 
generation of heat. 

d. Vhat relationship do fingerprints have to fxlction? 

4. If there is time in the class period, the student may be permitted to 
do the optional procedures suggested in Steps 24 through 27 or any 
others the teacher and students might think are interesting and 
w>rthi<hile. 

5* Ihe following principles have been demonstrated by this exercise: 

a. More force is needed to slide objects over a rough surface 
than a smooth surface. 

b. Rolling friction is less than sliding friction. 

c. More force is needed to move a heavy object than a light one. 

d. More force is necessary to start an object moving than to 
keep it moving. 

6. Answers to the blanks left in the stated principles in the STUDENT'^S 
MANUAL: 

S4-3 MORE 
S4j 4 HEAVr 
S4J4 MORS 

7. Answers to Questions in Student's Exercise: 

1. greater 

2. less 

3. less 

4. a. Make the surfaces in contact smoother 

b. Use wheels or rolling friction 

c. Reduce the weight of the object to be moved 
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Laboratory Training ibcercise 
STODQIT’S MAIQAL 
Sxercise 4 



The George Vfeishington University 
Education Research Project 

1966 



FRICTION 



PaiTose 

This exercise will help you understand \Aiat friction is and how 
it works. 



Materials 

Item No . 
1 



2 



3 

4 

5 

6 
7 

i't 



9 

10 

u 

12 

13 

14 

15 



Quantity Description 



1 Friction Block 

(This is a 4" X 1 3/4” x 1" wooden block. 
X hook is in one end and two holes are 
in the top.) 

1 Friction Platfom .. . . 

(This is the I 6 " x 2 l/2" x 3/8" board 
with a piece of half-round molding at 
one end.) 

2 Pegboard Hooks 

2 Wood Dowels, l/2" diameter x 2" long 

3 1-ounce Weights 

1 4-ounce Weights 

1 Weights 

2 S Hot. .!* 

10 Rubber Bands, l/2" diameter 

5 Rubber Bands, 2" diameter 

1 Sandpaper 

1 18-inch String 

1 Paper Clip Hook 

1 Spring Scale 

25 li^shers, l/4” diameter hole 



Step-by-3tep Procedure 
Preparing materials and setting up the board 

1. Insert pegboard hooks in the holes in one side of the platform. The 
half-round molding is on the upper side of the platform. 

2. Put the platform on the pegboard so that it is horizontal and about 
in the center of the pegboard. 



3. Mak<i a l<50p in aiah end of the 13-ina'ti piece of string* 
Do this by doubling one end of the string back about 
four inches and tying a simple knot in the doubled end. 
Then do the same thing on the other -end, 

4, Get a rough estl-nate of the weight of the friction block 
by weighing it \dth the SijHng scale. Write the weight 
on the side of the block. Notice that the block woigns 
a little more than one ounce. 



Sliding friction 

5, Attach one loo? of the string 
to the hook of the block and 
put an S hook in the other 
end, 

6. Place the block on the end 
of the platform away from 
the half-round molding with 
the S hook hanging over the 
molding. 




NOTfi: When these instructions call for placing the friction 

block on the platform, always place it at the end of 
the platform away from the ^lalf-round molding, with 
the string and S hook hanging over the molding. 



7, Hang a 1-ounce waight and add vashers on the S hook until the block 
moves. This vdll take about one to five washers plus the weight. 

3, Remove the paper clips and S hook and insert the hook or the spring 
scale, 

9. Pull the block by the spring scale along the platform 
horizontally, observing the reading as you do so. This 
reading will be very small, if there is reading at 
all. 



10, Remove everything from the platform. 

11, Push the hook of the friction platform through the sandpaper 
and fold it under the botto.^i of the block. 



12, Place the block, vdth the string and S hook aiitached, on the platform, 

13# Kang a l-ounoe weight on the S hook and add washers until the block 
moves. It may be necessary to make a hook from a paper clip to 
hold the washers, lou will find that it takes from 15 to 25 washers 
to move it over the platfona. 



14, Remove the weight, washers and S hook and insert the hook 
of the spring scale, 

15* ?ull the block along the platform and observe the reading 
on the scale as you do so. This reading will be ijore than 
without the sandpaper on the block. 



THIS SHOWS THAT 



FORCS IS 



NEEDSD TO SUDS OBJECTS OVSR A ROUOH 
SJRFACE. 



Railing frict ion 



16, Remove tlie spring scale from 
the string and the sandpaper 
from the platform. 



17, Place the block on the 
platform with tw) dowels 
under it, one inch apart, 
as in the picture 
opposite. 



13, Hang washers, one at a time, 
to the S hook to see how 
many it takes to move the 
block. 





Fr^.ctiou and its relationship to foirco 

19. Remove everything from the platfoitn, 

20, Place the block on the platfonn bat this time put one 4-ounce 
weight in the hole in the top of the block. 

21. Hang two 1-ounce weights from the S hook. lou will 
probably find that this will not move the block. Haw' 
washers or another 1-ounce weight to the hook unti?- the 
block moves. 

THIS SHOWS TEiAT IT TdKBS MORE FORCE 
TO MOVE A _____ WEKHIT THAN A 
UGHT ONE. 

22. Ranove the weights from the S hook and insert the hook 
end of the spring scale. 

23. Pull the block along the platform and observe the reading on the 
scale as you do so. This reading will bo more than without the 
weights. Notice also that the spring scale reads more liien 
starting the block moving than when keeping it moving. 

THIS SHOWS THAT IT TAKES 

FORCE TO START AN OBJECT MOVING 
THAN IT DOES TO KEEP IT GOING. 



If there is time left during the perlodt ^ some of the folio ^ng.; 

24. See \toat force it takes to move the block ihen it slides on its 
side. 

25. See ^at force it takes to pull a weight along the 

platform. 

26. See >fcat force it takes to pull the block with rubber bands 
around it lengthwise. 
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27* See vhat force it takes to slide the folloidng things 
over the platform: 

a. blackboard eraser 

b. full box of paper clips 

c. glass paperweight 
d* pocket comb 

e, kq/s 

f, a book 



QOESnONS 



1, Ihe rougher the surface, the the friction* 

2. The smoother the surface, the — the friction* 

3* The force needed to keep an object moving is than 

that required to start it moving* 

4* Name three ways to reduce the force needed to move an object* 

b. 

0 . 
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I£VERS 



Objective 



To doaonstrate how the three ciasses of levers work. 



Materials 



ItanNo, 



Quantity Description 



1 

2 

3 

4 

5 

6 



1 Lever Arm 

4 Weights, 1-ounee 

3 Pegboard Hooks 

1 Spring Scale 

10 Bands, Rubber (small) 

2 Paper Clip Hooks 



Suggestions to the Instructor 



1. Follow the procedure in the STUDENT'S MANUAL, starting at the Step-by 
Step Procedure section. 

2, The teacher and students may find it easier to change the paper clip 
hooks and weights when the lever aim is removed from the pegboard hook. 

3 . To obtain a balance with the lever aim does not mean the lever aim has 
to be lev^. An approximate balance is obtained if the lever aim is 
nearly horizontal. 

4, In Step 37, a piece of string may be used instead of the rubber band, 
if this is more convenient, 

5. The exercise has be'ai designed to facilitate class discussion. Encourage 
stud^t conment and discussion to check accuracy of observation and 
concept development, as well as to stimulate and maintain student 
interest in the demonstration. 

6, The teacher, through questions and comments, should emphasize the relation- 
ship of the laboratoiy exercise being demonstrated and its application in 
the tools and machines used eveiy day. The three classes of levers are 
deteimined by the relationships of the load, the applied force, and the 
fulcrum. To be able to identify the three classes of levers easily, it is 
necessary that these three relationships be recognized readily by the student 
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a. First-class lever: 



Q 



Load Aim 



Power Am 



r — 







> 

{ 

1 







1 •' ,, — — » 



Fulcrun 



p 



Examples of application of the first-class lever: 

stick (prying), wrenches, crowbar, shears, pliers, scissors, 

control levers, steering whed., door knob. 



b. Second-class lever: 



Pbwer Am 
w 



Force 





Load Am 








* 








_1 


1 — — 1 













Pole rum 



□ 

Load 



Examples of application of the second-class lever: 
nutcracker, bottle opener, wheelbarrow, can opener (lever t 3 rpe). 



c. Third-class lever: 



r 



Force 

A 






Power Am 



V- 



Load^m 




Ebemples of application of the third-class lever: 

baseball bats, golf clubs, shovels, mouse traps, and grass shears. 

At the end of the demonstration the teacher may wish to ask the students 
to list as mary examples of each typo of lever as they can think of. 

The pupils could report their findings at the beginning of the next 
period devoted to Exercise 5* 
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Suggestions for Additional "fasks 

Depending upon the time available and the interest and aptitude of the 
students, the following additional steps are suggested as being applicable 
to this exercise: 

First-class levers 

Show that the 1-ounce weights balance in all holes equidistant 
from the ftslcrum— that is, L6 and fi6, L5 and R5» etc* 



9. Other type levers 

Ebq)eriment ”vdth various combinations of weights* 



10* Answers to 


the blanks left in the stated principles in the SHUiDENT'S 


MANUAL: 
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EQUAL 


S5-3 


TWECE 


S5-3 


IHFEE 


S5-3 


SMALLER 


S5-5 


FULCRUM 


S5-5 


GFEATER 


S5-7 


LOAD 


11* Answers to 


questions in STUDENT* S MANUAL: 



1* power 
2* fulcrum 
3* fulcrum 
4* balance 
5* twice 
6* four times 
7* load 
8* smaller 
9* force 
10* smaller 
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LEVERS 



Purpos e 

This exercise will help you understand how levers work. 
Materials 

Item No. Quantity Description 



WbrkinR with a first class le^er 

1. Put one of the 6«inch wire pegboard hooks in the center of the 
pegboard stand. Row 6, holes M and N. This wire pegboard hook 
will be the fulcrum for the lever. 

2. Place a paper clip hook in hole number 7 at each end of the lever arm. 

3. Hang a 1-ounce weight from the hook in hole 7 on "the left side of 
the lever aim. 



NOTE: From here on, we will use symbols to refer to holes 

above the numbers on the lever arm. L and a number 
will refer to holes left of the 0 hole, and R and a 
number will refer to holes right of the 0 hole. 

For example: L7 will refer to the seventh hole to 

the left of the center and R 5 will refer to the 
fifth hole to the right of the center. 



1 

2 

3 

4 

5 

6 



1 

4 

3 

1 

10 

2 



Lever Arm 
Weights, 1 -ounce 
Pegboard Hooks 
Spring Scale 
Bands, Rubber (small) 
Paper Clip Hooks 



Step-by- Step Procedures 



4 . 



Hang another 1 -ounce weight in hole E 7 . 



I 



5 . 



6 , 



Pat the 1«7W am vith the weights already 
in place on the mounting fixture through 



hole 0* The numbers on the lever am 
should be facing you. 

Observe that the l->ounce weights 
balance each other (approximately), 
wtien they are hung the same distance 
from the fulcrum. 

THIS ILLOSTRiTSS THAT WITH 
SIMPLE OR FIP^T-aASS LEVERS, 

WSEGHTS AT EQUAL 

DISTANCES FROM THE TULCRUM 
BALANCE EACH OTHER. 




SET-UP FOR FIRST-CLASS LEVER 



7. Remove both 1-ounce weights and paper clip hooks from the lever am. 

K.agram of a Firat-Class Lever 
Toad Am Power Am 




8. Place two 1-ounoe weights on one of the paper clip hooks 
and hang from hole L2. Hang a 1-ounce weight from hole 
R2. Notice that thay do not balance each other. 

9. Try to balance two 1-ounce weights by hanging the 1-ounce 
weight from various holes on the right side of the lever 
am. You will find the weights will balance (approximately) 
when the 2-ounce weight is in hole R/f. 
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er|c 



10* Move the two 1-ounce weights to hole L3 and again see where you must 
hang the 2-ounce weight to make the lever arm balance* You will find 
that it balance (approxiraat^y) wlien the 2-ounce weight is in 
hole L6. 



TEHS SHOWS THAT WITH A FIRST-CLASS LEVER, A 
WEIGHT EALANCED WITH ANOTHER VEIGHT MCE AS 
HEAVY WILL 3S AS FAR FROM THE FULCRUM. 



11. Remove the weights and hooks from the lever arm. 

12. Place three 1-ounce weights on the same hook and hang from 
hcle L2. See vjhere ]rou have to hang the 1-ounce weight on 
the other side of the lever aim to balance it. You ^dll 
find that it will have to be placed in hole R6. 



THIS SHOWS THAT WITH A FIP^-CLASS LEVER, A 
HEIGHT BUiANCED WLTH ANOTHER VOIGHT IHEEE 

TIMES AS HEAVY WELL H) TIMBS AS 

FAR FROI'l THE FULCRUM. 

13. l«.th three 1-ounces in hole L2 balanced with one 1-ounce in 
hole R6 as in the previous step, pull down one end of the 
lever aim several inches and then release it. 

14. After releasing the lever aim notice the arc (distance of movement) 
made ty each weight. Notice that the arc made by the 1-ounce of 
weight is about three times longer than that made by the three 
1-ounce weights. A diagram of this action follows: 




raiS SHOWS THAT WITH FIRST-CLASS LEVERS IHE 

1/EIGHT MOVES THROUGH A GPEATER 

DISTANCE THAN THE UEGER M!GHT. 



15. 



Ranove eveiything from the pegboard. 



Working \dth second -class levers 



l6« Mount one of the wire peg board hooks 
in the upper right comer of the 
pegboard, ftow 4, holes T-U* 

17 . Mount a second vare peg board hook in 
Row 14, holes S-F, 

18. Hang the spri,ng scalo on the first 
peg board hook. 

19 . Place the hook of the spring scale 
through hole R? of the lever arm, 

20. Put the other end of the lever arm 
on the left pegboard hook using 
hole L7. The lever arm should be 
approximately level. 

21. Read the spring scale and record 
your reading on the chart below. 

22. Hang two 1-ounce weights from hole 
R6. Record the reading below. 



Weight 


r — ‘ 
Hole 


Scale Reading 


Weight 


Hole 


Scal,e Reading 


0 


0 




2 oz. 


0 




2 oz. 


R6 




2 oz. 


L3 




2 oz. 


1 

' R3 I 




i 

1 

2 oz. 1 L6 





23* Move the two 1-ounce weights from hole R6 to hole R3* Record the 
reading above. 

24. Move the two l-ounce weights from hole R3 to hole 0. Record the 
reading of the scale on the chart. 




25. Continue to move the weight to the left and record your readings 
of the scale on the chart« 



Diagram of a Second-Class Lever 
Power Ana 

Force 



Load Ann 




Load 



26* Observe that the reading continues to decrease each 
time the weight is moved closer to the fulcrum. 

ms SHOWS THAT IN ffiCOND-CUSS LEVERS, 

THE CLOSER THE LOAD ON THE LEVER BAR IS 

TC THE , THE SMALLER THE FORCE 

REQUIRED TO LIFT IT. 

27. Remove the weight but leave the hook in hole L6. 

28. Hang four 1-ounce weights on the hook in hole L6. 

29. Move the weights and hook to holes L3, 0, B3, and R6 obserTing 
the arc made by each hole on the ana. Notice that not only did 
the scale reading increase but also the length of the arc 
increased as the weights were moved from left to right on the 
lever ana. 



ms SHOWS THAT AS THE LOAD ARM LENGTHENS, 

THE POWER ARM MOVES THE DISTANCE 

FOR THE SAME AMOUNT OF LOAD. 



'/ior^i.nz wltri tlilrdi-?lvs_s levers 



30, 


Rosmov 


e 'everything frOT. the peg 


board. 


31. 


Moent 


one of tne pi'gboard r.oo<b In 




Row r. 


, holes 




32 < 


Hang 


the scale from tnls pegb") 


ard 




nook . 






33. 


Insert che hooK of the spring 


scale 




into 


hole 0 of the lever az-i. 




34. 


MOuPtC 


, a second peg board r*nO': \ 


a 



itow !'iOi‘^s iv«F oT ori- bo'j.T*'i| 
with the point of tn^ hooK 
pointing downwtri . 

PXnoe the ond of the secoj.n 
peg board hook fcnroagh hole L? of 
trib le-/er ami. Tnls Is the 

falcrJLTi. 

36 . Mo^mt th3 third po^boari hooK In 
How 9t holes 5-F, with the point 
of tae fixture pointing apw* rl » 

'5?, St rote h a raboer band o/er the 
^nis of the second ana third 
hooks, 

3b, Record the roaiing on the 

spring scale on the* ensrt on 
the next page. 

39 , Insert h hook In hole R?» 



St-6 







Hang tvio l-ounoe weights on the hook. Record reading on spring scale 




Diagram of Third-Class Lever 
Fulcrum Force 




Power Aim 



V 





Load Aim 




41. Move the first pegboard hook and the hook of the spring 
scale in successive steps to R2, R4, and R6. Do this 
in the manner you feel is easiest for you. Sach time 
you move the pegboard hook, it will be placed tw holes 
to the right of the position it held before. Record 
the readings on the spring scale each time. 

THIS SHOWS THAT IN THIRD-CUSS LEVERS, 

THE CLOSER THE APPLIED FORCE IS TO THE 
THE SMALLER IT IS. 
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QUESTIONS 



1. A lever bar has two airos, the load aim and the ■ 

2. The point on which the lever bar moves is the • 

3. In a first-class lever, the - located between the load 

and the force. 

4. When equal weights are placed on a lever am at equal distances from 

the fulcrum, they - e^ich other. 

5. A weight balanced with another twice as heavy will be as 

far from the fulcrum. 

6. A weight balanced with another four times as heavy will be 

as far away from the fulcrum. 

7. In a second-class lever, the must be located between the 

fulcrum and the force. 

8. The closer the load on the leyer am of a second-class lever is to 

the fulcrum, the the force needed to lift it. 

9. In a thirt-class lever, the is located between the fulcwm 

and load. 

10. The closer the force on the lever am of a third-class lever is to 
the load, the the force needed to lift it. 
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IHE VHEEL AND AXLE 



Objective 

To demonstrate the mechanical advantage of the whed. and ajde. 



Materials 

Item No . 

1 

2 

3 

4 

5 

6 

7 



Quantity Desciiotion 



1 Pegboard Hook 

1 VHie^ and Axle Set 

2 S Hooks 

4 1-ounce Weights 

3 3-ounce Weights 

1 Paper Clip Hook 

2 18-inch String 



Suggestions to the Instructor 



1, Follow the procedure in the STUDENT* S MANUAL, starting at the Step- 
by-Step Procedure section. 

2. Careful measurement of the small wheel will reveal that the exact 
relationship is not quite three to one, however the friction that 
is present till give in proper results. 



3. 3hcourage student discussion before the demonstration on various 
vheel and ade combinations with which they ?.re already familiar. 
Some examples are the wheel and axle of an automobile, various 
types of cranks and winches, the wheds and axles of a rotary lawn 
mower, (Do bigger wheels mean it is easier to push bicycles?), 
(Does a smaller sproket on the back wheel mean the bicycle is 
easier to pedal or will it go faster?), and any other type of 
wheel and a^de that n»y be mentioned in the discussion. 
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4, The mathematics of the relationship of the wheel and a^e should 
be demonstrated on a blackboard* Siaphasize that either diameter or 
radius of the wheel and axle can be used as long as both measurements 
are either radius or diameter* 

5* To further demonstrate the distance that each wheel travels in 
one revolution, roll ^he three different diameters of the wheels 
along th'^ edge of a desk or table and mark the distance each 
travels in one revolution* 

6* Answers to the blanks left in the stated principles in the STUDENT* 3 
MANUAL; 

$6-3 IHRiSE 
S6-3 ITAD 
$6-4 DIAMETER 
S6-4 DISTANCE 

7* Answers to the questions in the STUDENT'S MANUAL: 

1* three 
2* nine 
3* tWL^ve 
4* more 
5* loss 
6* further 
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THE VBEEL AND AXI£ 



Purpose 

This exercise hdp you understand how the ^leel and aj^e woiic* 



Materials 

Description 

Pegboard Hook 
Wheel and Axle Set 
S Hooks 

1-ounce Weights 
3-ounce Weights 
Paper dip Hook 
13-inch String 

Step-bv-Step Procedure 

1. Place the pegboard hook in How 7» holes M and N, 

2. Place the i*ieel and axle set over the pegboard hook. 

3 . He a loop in one end of one of the 18-inch strings. Do this by 
doubling the string back about two inches and t 3 Ting a simple knot 
in the doubled end. 



Itan No . 

1 

2 

3 

4 

5 

6 

7 



Quantity 

1 

1 

2 

4 

3 

1 

2 



4. Tie the other end of the 18-inch string around the wooden dowel 
center axle. 

5 . Wrap the 18-inch string around the l/ 2 -inch axle by turning 
the 4 1 / 2 -iiich wheel clockwise. 

6 . Take the other 16-inch string and tie a loop in each end by 
repeating Step 3* 

7 . Place one loop of this string over the hook on the 1 1/2- 
inch blue wheel and lead it out through the opening opposite 
the hook. 

8. Wrap this string one complete turn around the blue wheel in a 
clockwise direction. 



So-l 






.. ERLC 



am 



m 



. 0 # 



.1 



♦ 



-ir.r in roy< I*-. cC whc loops tnio trc. r*.injin-r a-’-.-n. 
3or:;par« yo-ir soi;-ap witr. f';e pv-'.tare 




.iarii' 



3 l-ouric-i on ihc sr^rln? 



r^R v: 



M 1 1 



Hang tTirio 
N'otico th.it 



weights 
the o:i=: l-oanc 



on string on 
*:• weight hilar.ce.s 



tne iei’t iiini side, 

c-ne tnree i»oance ■•joights* 





\ 



\ 

\ 

\ 

\ 

\ 

i 

1 

Ldrve Vnaal 
I 4 i/2“ Diineter 

/ Small Wheel 
1 1/2“ Diairidter 

f 

1/5“ Diainetar 




NOTE: The wheel and axle function as a first-class le7er. 

(Refer to Exercise 5«) The center of the 03d.e 
(wooden dowel) is the ftilcrun* the distance from 
the center of the axle to the outside edge of the 
axle is the load arm, and the distance from the 
center of the hiue wheel to the outside edge is the 
power arm* In this case 3/^ inch divided by l/4 
t inch equals 3 or a 3 to 1 mechanical advantage. 



THIS SHOWS THAT WITH A WHEEL AND AXI£ 
a)T, WHEN THE WHEEL IS THREE TIMES THE 
DIAMETER OF THE AXLE THE POVER INCIEASE 
IS . 



13. Rotate the wheel until the 1-ounce weight is even with one of the 
rows of holes in the pegboard (probably How 11). 

14. Notice the location of the bottom of the three 1-ounce 
weights and pull the 1-ounce weight down three rows of 
holes. The three 1-ounce weights will move up about 
one row. 

THIS SHOWS THAT WITH A WHEEL AND AXLE 
SET, WHERE THE WHEEL IS THREE TIMES THE 
DIAMETER OF THE AXLE THE FORCE MOVES 
THFES TIMES THE DISTANCE OF THE • 



15. Remove all the weights from both strings and the string 
from the blue wheel, 

16. Itotate the wheel and axle set so the opening in the rim of 
the 4 1 / 2 -inch yellow whe^ is on the right hand side. 
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17. 

18. 



21 . 



o 

ERIC 

hiaifiiifftaiTiTiaiJ 



Attach the loop of the 18-inch string to the hook of the yellow whed 
and lead it out through the opening in the rim opposite the hook. 

Held the whe^ in place and put one 1-ounce weight on the string 
from the yellow whed. 

19. Put two 3-ounce weights on the string from the axle and 
add 1-ounce weights until the whe^ and axle set balances. 

It should balance when three 1-ounce weights have been 
added. (Refer to Note on page S6-3.) 

THIS SHOWS THAT WITH A WHEEL AND AILS 
SET, WHEN THE WHEEL IS NINE TIMES THE 

OF THE AXLE THE ?0\ER 

INCRBA^ IS NINE. 

20. Ibtate the wheel until the 1-ounce weight is as high as 
it will go, about Ibw 6. 

Notice the location of the bottom of the nine o'^ices of weight and 
pull the 1-ounce weight down nine rows of holes. The nine ounces 
of weight will move up about one row. 

IHIS SHOWS THAT WETH A VHEEL AND AXLE SET, 

WERE THE WEEL IS NINE TIMES 1HS DIAMETER 
OF THE AXIE THE FORCE MOVES NINE TIMES THE 
OF THE LOAD. 
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QUES TIONS 



1. If a whe^ is throe times bigger than the axle, the mechanical 

advantage is to one. 

2. If a wheel is nine times bigger than the a:d.e, the mechanical 

advantage is to one. 

3. If an automobile tire has a diameter of 24 inches and the axle 
is two inches in diameter, the mechanical advantage is 

to one. 

4. If larger tires (in diameter) were put on an automobile, it would 

require power from the engine to move the car. 

5. If smaller (in diameter) tires were put on an automobile, it 

would require power from the «igine to move the car. 

6. In Question 4 above, for every* turn of the axle the car W5uld move 

with each turn of the axle. 
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BELTS . PULLETS . AND ffiVEL GEARS 



Objectives 

To develop an understanding of the principles of belt and pulley 
operation. 

To understand the operation of bevel gears. 



Materials 

Item No . 

1 

2 

3 

4 

5 

6 



Quantity Description 



2 

2 

5 

1 

1 

1 



3-Step Pulley 

2" Long #10 Machine Screws and Matching Nuts 

Large Ribber lands 

Bevel Gear Set 

2-Step Pulley 

Pegboard Hook 



Suggestions to the Instructor 

1. Follow the procedure in the STUDENT'S MANUAL, starting at the Step- 
by-Step Procedure section. 

2. Be veiy careful that the pulleys line up properly or the belt will 
not stay in place. 

3. Elnphasize that in any pulley set-up there is always a Driver Pulley 
and a Driven Pulley. 

4. Relate the pulley and belt set-up to simple machines such as: a 
piston type pump where the pump must turn slower than the motor 
(large pulley on the pump), a ventilator fan (the fan turns slower), 
the fan on an automobile (about the same speed), the tuning dial on 
a radio (the pointer must move slower), or a beli-driven dentist's 
drill (the drill turns faster). 
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5* Ebipliaslze these points: 

a. When the drive is from the large pulley to the small pulley 
the result is an increase in speed. 

b. When the drive is from the small pulley to the larger pulley 
the result is an increase in power. 

6. A p^board hook mounting is used for the two-step pulley to facilitate 
easier alignment and placement of the pulley liien students may ^sh to 
develop their own set-ups in Step 31* 

7. Answers to the blanks in the stated principles in the STUDENT* S 
KANUAL: 
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TIME? 


S7-2 


sm: 


S7-2 


OPPOSITE 




SMALLER 


S7-3 


INCREASE 


S7-3 


DECREAS: 




INCREASE 


S7-5 


SLOWER 


S?-5 


FASTER 


to Questions in 


1. 


same 


2. 


opposite 


3. 


larger 


4. 


speed 


5. 


power 


6. 


right 


7. 


power 
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BELTS> pulleys > AND BET/SL G5ARS 



Purpose 

To understand the operation of a bd.t and pulley system and the 
operation of bevel gears. 



Materials 

Item No . 

1 

2 

3 

4 

5 

6 



Quanti ty 

2 

2 

5 

1 

1 

1 



DescriPUon 

3-Step Pulley 

2*< Long #10 Maohine Sorem 

large Rubber Bands 

Bevel Gear Set 

2-Step Pulley 

Pegboard Hook 



Step» bv» Step Prooedure. 

Preparing materials, and setting^ l33^X^ 

1 . Mount one machine screw in Row 13» tiole L, with the head in the back 
of the board and the nut in front. 

2. Mount the other machine screw in Row 13» hole P, with the head in the 
back of the board and the nut in front. 

3 . Slide one 3«Step Pulley over each of the screws with the small 
pulley facing you. 



Wbrking with pulleys 

4. Stretch a rubber band (belt) over the two small (blue) pulleys. 

5 . Make a mark with a pencil or grease pencil 

on both of the blue polios. 

6. Itotate the right liand pulley one turn 
and notice how many times the left 




hand pulley turns. 



o 



S7-1 



NOTE: Th® pOliy you turn is kiwit) as the Driver PuUey^ 
and the other one is the Driven Pollery. 



7. Move the belt (wbber land) to the red pullfly on both shafts and 
repeat Stsp 6. 

3. Move the bd.t to the yeilov puXleys and repeat St^ 6* 

THIS SHOWS THiT WITH PULI*BIS OF 
EQUAL SIZE THE DRIVEN PULLET WELL 

TURN THE SAMS NUMfiER OF 

AS THE DRIVER PUIXBT. 



9. Itotate the right hand pulley in a clockwise direction and notice 
the direction of rotation of the left hand pullear. 

THIS SHOWS THAT WHEN PULLETS ARE 
CONNECTED BBT A STRAIGHT BELT IKET 
BOra TURN THE DIRECTION, 



10 . 



u. 



Connect the belt fiow the blue pullsy 
on the light hand side to the blue puU<y 
on the left hand side but put a single 
half turn in belt (the belt should look 
like a figure 8), J ,• 



Rotate the light hand puUeor 
in a olookidse direction. Notice 
the direction of rotation of the left hand pulley, 

THIS SHOWS THAT WHEN PULLETS ARB 
CONNECTED BT A CROSSED BELT THBT 
TURN IN DIRECTIONS, 




12. Connect the blue pulley on the right to the red puU^ on the left 
with the belt straight across, 
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NOTE: Vvhen connecting puUery’s of different size it vLll be 

necessary to slide the pulley in or out on the shaft 
to line it up with the other pulley. 

13. Notate the blue pulley until the icark made in Step 5 is on top. 

14. Make a mark on the top of the red pulley. 

15. Rotate the right hand blue pull^ one turn and notice the red pulley 
has turned about 2/3 of a turn. 

16. Repert Steps 13-l4-15f but with the belt connected from 
the right hand blue puU^ to -.ie left hand yellow pulley. 

17. Observe th& large yellow pulley turns a little less than 
1/2 turn for each complete turn of the blue pulley. 

THIS SH0M5 THIT >HEN POLLETS OF UNEQUAL 
DIAMETER ARE CONNECTED THE LARDER FOLIEI 
TURNS FEWER TIMLw THAN THE PULLET. 

18. l\im the left biand pulley (tlie belt should still be 
connected from the large Irft hand puU^ to the small right 
hand pulley) one complete turn. Notice the small right hand 
blue pulley turns much faster than the left nand yellow pulley. 

THIS SHOWS THAT VfiEN THE DRIVE IS FRCM A URGE 
PULIET TO A 3 !ALLb.R PULIET, THE FSSULT IS AN 

IN SPEED (FEVOLUTIONS PER MINUTE) 

AND A DECiSASE IN PO^R. 

19 . R^eat Step 18 but turn the right hand pulley one turn. Notice the 
large left hand yellow pulley turns fewer times. 

THIS SHOWS THAT VHEN THE DRTVE IS FROM A SMALL 
PULI£T TO A LARGER PULLET, THE FBSULT IS A 
IN SPEED (R.P.M.) AiJD POVER IS INCKiASED. 
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Vbxlclng with coapound p*in gra 



20. 1^9 the 2-Stop Pulley and mount it with the pagboard nook in Itow 9. 
holes P and Q. 

21. Connect a belt from the blue pulley 
on the shaft in How P to the large 
yellow pulley on the wheel and axel 
set. 

22. Sotioe the results when the large 
pulley is rotated one tum and 
when the small pulley is rotated 
one turn. 

23. Renore the belt. 

2^. Connect a belt froa the blue pulley on the shaft in Bow L to the 
yeOLlov pulley on shaft P. 

25. Connect another belt the sane way as Step 21. 

26. Tam the left hand blue pulley and notice how sloidy the 
large yellow pulley turns. 

27. Turn the large yellow pulley and notice how fast the saall 
blue pulley on the left hand side turns. 




THIS SHOWS THAT A COMPOUND BELT AND 
POLLSr SET-UP CAN BE MAiS USENQ THREE 
PULLEYS THAT WELL RESJLT IN A LARQB 
IN SPEED OR POWER. 



Woricing with beiyel gears 

28. Thke the berel gear unit an'*» notice the fora of the teeth. This type 
of gear is used to transait power at right angles. 

29. Make a nark with a pencil or grease pencil on both gears. 

30. Rotate the saall gear one oonplete turn. Notice that the large gear 
turns about one-quarter of a turn. 

S7-4 



iHis afows mT mss pover is applied 

TO THE SMALL GEAR IHE LARGS GEAR WELL 
TaFN . 



31* Potato the large gear one complete revolution and notice 
the small gear turns around about four times, 

THIS 2I0WS IHAT WiEN POVER IS APPLIED 
TO THE LARGE GEAR THE aiALL GEAR WELL 
TORN . 



32 , If time peimits, any combination of pulleys may be 
wrked out using the three pulleys. 



QOESnONS 



1, Pulleys connected by a straight belt turn the direction, 

2, Pulleys connected by a crossed belt turn directions, 

3* If a large pulley and a small puU^ are connected, the 
pulley will always turn fewer times, 

4, A belt and pulley system driving from a large pull^ to a small 

pulley will give an increase in , 

5, A b^t and pulley system driving from a small pulley to a large 

pulley will give an increase in , 

6, Bevel gears are used to transmit power at angles, 

7* A compound b^t and pulley set-up with three pulleys will give a 
large increase in either speed or . 
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IHE INCLINED PLANE 



Objective 

To demonstrate "what an inclined pGLane is and how it works. 



Materials 

Item No . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 



Quantity Deserjotion 



1 Friction Block 

1 Friction Platform 

2 1-ounce Weights 

1 4 -ounce Weight 

2 S Hooks 

1 13 -inch String 

2 Friction Platform Hooks 

1 Spring Scale 

1 Paper Clip Hook 

1 Toy Car 

1 Single Pulley 

25 Vbshers, l/ 4 " diameter hole 

1 Pegboard Hook 



Suggestions to the Instructor 

1 . Follow the procedure in the STUDENT* S MANUAL, star-ting at the Step- 
by-Step Procedure section. 

2 . The procedure has been designed to allow and facilitate discussion 
at each stage from the beginning. 

3. Student comment and discussion is desirable throughc t the demonstration. 

4 . Encourage discussion bV asking questions and making comments about 
what is being demonstrated and how it relates to tools and machines 
or.‘=' S'- es in the environment. 

a. Ifeve the students name examples of the inclined plane they have 
seen, such as earth ramp to an excavation for a new building, 
ramp for wheel chair in hospitals, boards used for moving 
objects in and out of tracks 01 bu5J.dings, etc. 



b. Bring out the relationship that exists between what was done 
in the exercise on friction and this exercise on the 
inclined plane. 

5. If there is time in the class period, the student may be permitted 
to do optional experimentation suggested in Step 31 or others the 
teacher and students might think are interesting and worthwhile. 

6. The following principles have been demonstrated in this exercise: 

a. Little force is required to move an object horizontally when 
wheels are used. 

b. An object may be moved more easily over a level surface 
than up an inclined plane. 

c. The greater the slope the harder it is to move an object 
up an inclined plane. 

7. The procedure. Steps 10-12-16-18-22-24-27 and 29, suggests making a 
record of the observations of weights and scale readings. A sample 
Record of Observations form is included in the STUDENT* S MANUAL. 

The teacher and students may idsh to devise their own form. 

8. Answers to blanks in the stated principles in the STUEENT*S MANUAL; 

S8-3 WHEELS 
S8-4 LESS 
S8-5 MOIS 
S8-5 GREAIER 

9. Answers to Questions in Studait*s Exercise; 

1. inclined plane 

2. little 

3. inclined plane 

4. greater 

5. less 
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Laboratoxy Training Bbcercise 
STUDENT'S MANUAL 
Exercise 8 
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IHE INCUNED PLANE 



Punx)se 

This exercise will help you understand how the inclined plane works. 



Mateilals 

Item No . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 



Quantity Description 



1 Friction Block 

1 Friction Platform 

2 1-ounce Weights 

1 4-ounce Weight 

2 S Hooks 

1 18-inch String 

2 Friction Platform Hooks 

1 Spring Scale 

1 Paper Clip Hook 

1 Toy Car 

1 Single Pull^ 

25 Whshers, l/4" diameter hole 

1 Pegboard Hook 



Step-by-Step Procedure 
Preparing materials and setting up the board 

1. Insert pegboard hooks in the holes in one side of the platform. “Die 
half-round molding is on the upper side of the platform. 

2. Put the friction platform on the pegboard so that it is horizontal 
and about in the center of the eleyenth row of holes from the top. 

The hooks should be in Itow 9 $ holes G-T. 

3. Place the pegboard hook in flow 9» holes S-F, 

4. Slide the pulley over the long pegboard hook. 

5. Make a loop in each end of the 18-inch piece of string. Do this by 
doubling one end of the string back about four inches and t^lng a simpl 
knot in the doubled erd. Then do the same thing on the other end. 



6. Get a rough estimate of the weight of the friction block by 
weighing it with the spring scale. Write the weight on the side 
of the block. Notice that the block weighs a little more than 
one ounce. 

Moving ob.jectfi along a horizontal plane 

7. Place one 4-ounce wei^t in 
the two holes of the friction 
block. 

8. Attach one loop of the string 
in the hook of the block and 
put an S hook in the other 
end. 

9. Place the block and weights on 
the end of the platform away 
from the haJLf-roiuid molding vrLth 
the S hook hanging over the pulley. 

10. Hang two 1-ounce weights and add washers on a paper clip hook to the 
S hook until the block moves. Make a note on Page S8-5 of how much 
weight it takes to keep the block moving. Each time weight is added, 
push the block gently from behind to see v/hether or not you have 
enough weight to keep it mof’.'ing after it has been started. 

11. Remove the S hook and weights and insert the hook of the 
spring scale. 

12. Pull the block with the spring scale, so that the string is 
over the pulley, along the platform horizontally, observing 
the reading as you do so. Make a note of the scale reading 
on Page S8-5. 

13 . Remove everything from the platform and tal^e the scale from 
the string. 

14. Remove the 4-ounce weight from the block and place it on 
the seat of the toy car. 




NOTE: The veights ^11 stay in place batter if Scotch tape 

is used. 



15* Attach a string Hlth an S hook to the front of the car and lead it 

over the pulley. Attach an S hook to the loop hanging over the pulley. 

16. Hang washers on the S hook until the car moves. Hake a note on Page 
S9<-5 of how many washers it took to keep the car moving. 



THIS SHOWS THAT IT TAKES '/SRI LITTLE 
FORCE TO MOVE AN OBJECT HORIZONTALLY 
WHEN ARE aSED. 



17* Remove the S hook and washers and insert the hook of the 
spring scale. 

13. Poll the ear along the platform horizontally, observing the 
reading as you do so. Hake a tx>te of this reading on Page 
S8-5. 

19* Remove everything from the platform and take the scale 
from the string. 



Moving an object along an inclined plane of little slant 



20. Leave ths platform hook on the 
end near the pulley where it 
is. Lower the other platform 
hook down two holes to Row U* 
(This is approximately a 
10-degree angle.) 

21. Place the oar with one 4-ounce 
weight on the seat of the car 
on the platform. 
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HOTS: Th® end of the string amy from the car wUi have to be held 

with one hand until weight is placed on the S hook, otherwise 
the weight cause the car to roll off the platform. 

22. Hang a 1-ounoe weight and add washers on the S hook until the 
oar nowes. Kake a note on fhge S8*5 of how much weight it 
takes to keep the oar moving. 

THE CAR raOHS MORE THAN POUR OUNCES 
AND IS M07BD UP THE INCI.INED PUNS 
A MUCH FORCE, 

23. Ranov© the S hook and weights and insert the hook of the 
spring scale. 

24. Pull the oar up the platform, observing the reading as you 
do so. Make a note of this reading on Page S8-5. 

25. Remove everything from the platform and take the soale 
from the string. 

Moving an object along an inclined plane of greater ^nt 

26. Leave the platform hook on the 
end near the pulley where it 
is. Move the other platform 
hook down three holes and one 
hole toward the center. Row 14, 
hole S. (This is approximately 
a 25-degree angle.) 

27. Hang weights and washers on a 
paper olip hook on the S hook 
until the car moves. Try two 
l-ounce weights first. Make a 
note on chart of how much 
weight it took to keep the car moving. 





38 ^ 



POSITION OF PUTFOPM 


OBJECT AND ADDED VEIGHT 


HEADINGS j 

VEIGHTS ' SCUES 


Horizontal 


Block plus 4 ounces 


i 


t 

1 


Horizontal 


Car plus 4 ounces 






1 

Slight Slope 


1 

Car plus 4 ounces 






Steep Slope 


' ' t ■ ' ■ ■ 1 

1 1 

1 Car plus 4 ounces 1 1 


1 

1 

' J 



THIS SHOWS THAT WHEN THE INCLINED 

PUNE IS STEEPER, IT TAKES 

EFFORT TO MOVE A WEIGHT UP IT. 

28. Remove the S hook and weights and insert the hook of the spring scale. 

29 . Pull the car up the platform, observing the reading as you do so. 

Make a note of this on the chart. 

30 . Remove eveiything from the platform and take the scale from the string. 

TIIES SHOWS THAT THE THE 

SLOPE THE HARDER IT IS TO MOVE AI^ 

OBJECT UP AN INCLIl'IED PLANE. 



Additional experiences 

31 . If there is time, you might like to xjork with objects other than the 
smooth block and the car. Using the slopes suggested in Steps 2-20 and 
26 , the following objects, or ones you think suitable, may be used: 

a. uLack board eraser 

b. pencil case 

c. bracelet 

d. box of crayons 

e. papen-jeights 



NOTE: You may either fasten these objects to the block 

or place them on tlie platform without the block. 



QUESTIONS 



1, X plank, road, or lamp that slants from the ground 
or floor to a higher levd. is knovm as an 



2, It takes very force to move an 

object horizontally when wheels are used, 

3, It is easier to move an object horizontally along 

the ground or floor than up an . . _____ 

4, VJhen an object is moved up an inclined plane, the 

greater the slant of the plane, the ■ _ 

the force needed, 

5, When the slant is reduced, it takes 

force to move an object up an inclined plane. 
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IHE PULLET 



Objective 



To demonstrate how puU^s work 



Materials 



I ton No . 



Quantity Description 



1 

2 

3 

4 

5 

6 

7 

8 



2 Pulleys, single 

2 Pulleys, double 

2 Pegboard Hooks 

6 1-ounce Weights 

1 18-inch String 

1 36 -inch String 

4 S Hooks 



1 Spring Scale 



Suggestions the Instructor 



1 . 

2 . 

3 . 

4. 



Follow the procedure in the STUDENT'S MANUAL, starting at the Step»by- 
Step Procedure section. 

Can attention of the class to the fact that sometime? pulleys are 
called blocks, and the ropes are called tackle. 

Ehcourage student participation ty having them come up in groups 
to the demonstration table, by asking questions, by making comments 
and discussing aspects of the exercise. 

The teacher may refer, through questions and comments, to the 
relationship of the exercise and its application to tools and machines 
in the environment. 

a. Examples of the use of single fixed pullqys: 

pulley in the flag pole, pulley in windtvw sash, and well pulley. 

b. Examples of the use of single movable pulleys: 

pulley for loading cargo on ships, and pulley for raising and 
lowering heavy weights into an excavation. 

c. Examples of pulley combinations: 

multiple wheeled blocks used on ships, in cranes, and in 
hoisting and lowering lifeboats. 
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5. Point out to the students that by using various combinations of fixed 
and movable pulleys a mechanical advantage is achieved. The 
mechanical advantage of any system of pulleys is equal to the 
number of stxdngs or rope strands used to support the pulley(s) 
bearing the load. Vflien two strands are used to support the load, 
the mechanical advantage is two. When three strings are used, the 
mechanical advantage is three, and so on. A3,so point out that as 
much energy is expended in one pulley system as another; however, 
the work it> made easier. For example, the force required to move a 
load supported by four strands, although one-fourth the load, must 
travel four times the distance in moving the load. 

6. If there is time in the class period, the students may be permitted 
to do the additional procedures suggested in Steps 59 through 63 . 

7. The following principles have been demonstrated by this exercise: 

a. With the single fixed pullqy, the force and the load balance 
when equal. 

b. Also with the single fixed pulley, the force moves the same 
distance as the load. 

c. Vith the single movable pulley, the amount of force required to 
balance the D.oad is approximately one-half the load. 

d. Also with the s5.ngle movable pulley, the force moves twice as 

far as the load. 

e. l&th pulley combinations, when three strings are used to support 
the load, the amount of force required to balance the load is 
one-third the load. 

f. Also with pulley combinations, >Sien three strings are used to 
support the load, the force moves three times as far as he load. 

g. ^th pulley combinations, when four strings are used to support 
the load, the amount of force required to balance the load is 
one-fourth the load. 

h. Also with pulley combinations, when four strings are used to 
support the load, the force moves four times as far as the load. 



8, Answers to the blanks left in the stated principles in the STUDENT * S 
MANUAL: 

S9-2 EQUAL 
S9-2 LOAD 
S9-3 ONE - HALF 

S9-3 MCE 

S9-4 THREE 

S9-4 FORCE 

S9-5 ONE-FOURTH 

S9-6 ONE-FIFTH (63a) 

FIVE ( 63 b) 

9» Answer? to the Questions on Page S9-7 of the STUDENT* S MANUAL: 

1, Single fixed puU^ 
a* equal or the same 
b, the same or equal 

2. Single movable pull^ 

a, one-half 

b, twice or two times 
3* Pulley combin ions 

a. one-third. 

b, one-fourth 

c. three times 

d, four times 
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3. Repeat Step 7 using three 1-ounce weights on eacn S hook* Observe that 
eq'ual weights balance each other* 

This SHOWS XH4T WITH TH£ SINGLE FIXED PULLET, 

THE FORCE AND THE LOAD BALANCE WHEN THST ARE . 

9. Slide the S hook supporting the pull^ and weights back 
until it is about one inch from the pegboard* 

10* Push one of tne weights up as close to the pulley wheel as it 
will go. Note the number of the row at the bottom of the 
weight* 

11* Pull the higher weight down as far as it will go* Notice 
the row number at the bottom of the weight* Compare the 
distance each weight moves* Notice they move the same 
distance* 



THIS SHOWS THAT WITH 'THE SINGLE FIXED PULLET, 
THE FORCE MOVES THE SAME DISTANCE AS THE 



Working with a single movable pulley ( See Figure 2) 
12* Rceoove all materials from the pegboard* 

13* Put one pegboard hook in Row 9» holes N-0, 



14* Put another pegboard hook in Row 3i holes K-L> 



15. 

16 * 

17* 

18 . 



19* 



20 * 



Hang the spring scale on the hook in Row 3- 
Hang an 3 hook from the pegboard hook* 




Insert an S hook in the hole of the single 
pulley* 

Using the IS-inch string with the two loops 
in it (Step 4), place one of the loops on 
the S l-iook of the right pegboard hook. 

Hang the other loop of the string over the 
hook of the spring scale* 

Hang the pull^ over the string with the 
S hook hanging down* 
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21. Notice the reading on the spring scale (about l/2-ounce). 

22. Hang a 1-ounce weight on the S hook of the pulley. Notice the weight 
on the spring scale (about 1-ounce). 

23 . Hang two or three additional 1-ounce weights on the S hook, one at a 
time, and notice that the weight gc.:i.n on the spring scale is only 
1 / 2 -ounce for each ounce added. 

THIS SHOWS TH^T WETH A SINGLE MOVABLE PULLEY, 

T!EF’ AI^OUl^T OF FOECE ESQUIRED TO BALANCE THE 
LOAD IS THE LOAD. 

24. Slide the spring scale and the S hook back until they are 
about one inch from the pegboard. 

25* Notice the row of holes near the top of the movable pulley 
and the row of holes near the bottom of the hook of the 
spring scale. 

26 . Push the pulley down one row of holes and notice that the hook 
of the spring scale moves down about two rows of holes. 

THIS SHOWS THAT WETH THE SINGLE MOVABLE PULLEY, 

THE FORCE MOVES AS FAR AS THE LOAD. 

Working with pulley combinations with three supportin g strings 

27 . Remove all fixtures from the pegboard. 

28. Place one pegboard hook in Row 1, holes 0 and P. 

29 . Place another pegboard hook in Row 1, holes K and L. 

30 . Hang the spring scale over the pegboard hook on the left. 

31 . Hang a double pulley from the right pegboard hook. (The larger hole 
in the puU^ will fit over the pegboard hook. ) 

32 . Tie a loop in each end of the 36 -inch string the same way as was 
done with the 18-inch string. 
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35* Notice the ro;iing on the coring scale 
(aboat 1 l/^-oancet)* Tliere arc tu**ee 
strings sipporting the loai» 
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TH2 -\M3JNT 0? FC.vCI:: uS hJIiviD TO fHS 

LOAD IS QNS-r:iIaO ThS LOAD. 



•O. Slide the apper palia/ ani the •^p'h.ng scale osck intll the/ ar*e about 
one inch frooi the; paghoari. 

-' 4 - 1 , J^cmove trie string 1'ro‘t t!io spring scale anci nO-i.'i .^t le'rel w.tn Pow ^ 
on the ooard, li^'-eotiy ar»do'>* the pegcoa**d nook. 

42, Notice 'Which row of holes is level «dth the bottom of the /rei-hts. 

^^■3, NIovc the string in /our nani dovn ^;o hov ‘S. 

4^i, Notice that tae weights aave only .iovei down one row. 



This S.;DV ,3 fhAT WITH COMHINAnONS, AhS'; 

DiBi.D STtvINlS Arts JS3D ?0 S'jPPCxiT f;:'', LOAD, IHS 

AS 



.VCVSS r.'Lh-Ci:: IIKSS AS ?A;^' 



T ^ <■>. 



wO »i 



St.J» 




Mley coaibinations with four strings ( See Figure 4 ) 

45. Ranove all fixtures from the peg board hook. 

46 . Using an S hookf hang one of the double pulleys f‘=.'^fli 
the peg board hook. 

47 . Using another S hook, place four 1 -ounce weights 
on the other doable pull^. 

Place r.n S hook in the hole at the lower end of the 
pulleflr hanging from the pegboari hook. 

49. Place the loop of one of the ends of the 36-inch 
string over the S hook of the pulley hanging from 
the peg board hook. 

50. Lead the other aid of the string on the right side 
of the other double TJllcy and under the top wheel 
above the weights. 

51. Run the string up to the other double pulley so that 
it runs from left to right on the lower wheal. The 
string now hangs on the right side. 

52. Run the string under the wheel of the other double 
jwlley which is directly above the weights. 

53. Pull the string out on the left side. Run it up to and over the top 
of the upper wheel of the double pull^ hanging from the peg board hook. 

5 ^. Pull the string out on the right side. Insert an S hook in the loop 
of the string. 

55. Hang a l-ounce weight from the S hook. Notice that the 1 -ounce weight 
balances the four l-oun< 5 e weights. Observe also that there are four 
strings supporting the movable doable pulley. 

THIS SHOWS THAT WITH PULLET COMBINATTONS, WHEN 
FOUR STRINGS ARE USED TO SUPPORT IHE LOAD, THE 
AMOUNT OF FORCE REQUIRED TO BALANCE THE LOAD 
IS IHS LOAD. 




56 . 






Slide the S hook supporting the pidlfys and weights back until it is 
about one inch from the peg board. 

57. Push the 1-ounce weight up as close to the puUey wheel as possible. 
Notice the row of holes at the bottom of both of the weights. 

58. Pull the l-ouiica weight down to Row 5. Cneck the distance the four 
1-ounce weights have moved. Notice the ?-ounce weight n»oves four 
txmes as far as the two bounce weights. 



THIS SHOWS THAT WITH PJLLEf COMBINATIONS, WH-llN 
FOUR STRINGS ARE USED TO SUPPORT THE LOAD, THE 
FORCE MOVES FOUR TIMES AS FAR AS THfi LOAD. 



Additional experiences ( See Figure jj) 

59. Pveraove all the fixtures from the 
pegboard except the ppg board hook. 

60. If you have time, you may set up 
your equipment as shown in Figure 5. 

61. Repeat Steps 37-38-39. 

62. Measure the distance the weights move 
as you did in Steps hO through 44. 

How would you complete the following 
statement after doing Steps 60-61-627 

a. With pallqy combinations, when 

five strings are used to support 
the load, the force required to balance 
the load is the load. 

b, VQ,th pulley combinations, when 
five strings are used to support 
the load, the force travels 
times as far as the load. 



63. 




FIGURE ^ 



39-6 




QpH’.SnONS 



o 

ERIC 



1. Single fixod puUey: 

a. bJhen balanced, the force and the load are 

b. The force moves 

distance as the load. 



2. Single movable pulley: 

a. The amount of force required to move the load is _ 
the load. 

b. The force moves _ as far as the load. 



3. 



Pullqy combinations: 

a. ^)Jhen three strings are used to support the load, the 
amount of force required to balance the load is 



the load. 

b. When four strings are used to support the load, the 
amount of force required to balance the load is __ 



the load. 

c. When three strings are used to support the load, the 

force moves — - 

the load. 

d. When four strings are used to support the load, the 
force moves 

the load. 
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Laboratory Training Exercise 
TEACHL*'l»S MANUAL 
Exercise 10 



The George VIhshington University 
Education Research Project 

1966 



DETERMINING WEIGHTS 



Objective 

To develop an understanding and appreciation of the principles of a 
balance t/pe of scale. 



Materials 

Item No . 

1 

2 

3 

4 

5 

6 

7 

8 



Quantity 


Description 


Source 


1 


Lever Arm 


Lever Kit 


2 


Paper Clip Hooks 


Lever Kit 


1 


1-ounce Weight 


Inclined Plane 


30 


V^shers, l/4" diameter hole 


Inclined Plane 


1 


Friction Block 


Inclined Plane 


1 


Toy Car 


Inclined Plane 


1 


Spring Scale 


Inclined Plane 


1 


Peg board Hook 


Inclined Plane 



Suggestions to the Teacher 



1. This is an optional exercise that may be performed if the students 
show an interest and the time is available. 



2. Follow the procedure in the STUDENT *S MANUAL starting at the Step-ly- 
Step Procedure section, 

3 , The procedure has been designed to allow for student comment and 
facilitate the teacher’s discussion. 



4, The balance scale is the type very frequently seen in candy stores, 
doctor’s offices, and drug stores. Encourage students to relate 
experiences they have had with this type of scale, 

5 , The chart used in Steps 9-12-16-21-25 on Page SLO-4 will probably require 
an additional explanation. Demonstrate how fractions are reduced when 
the number of washers is multiplied by the distance factor. Emphasize 
the fact that washers and weights cannot be multiplied together. 



6, Relate the mathematics of the hslancr scale to the Exercise 5 on 
Levers, 

7, The following principles have been demonstrated in this exercise: 

a. The length of the load am and the force arm affect 
the accuracy of the scale, 

b. Objects heavier than the weights available can be 
weighed by changing the length of the ams, 

8, Answers to the blanks in the stated principles in the STODEINT^S 
HANUAL: 

Sa.0-2 l/24 OUNCE (This wUi depend on student exact findings.) 

Sa.0-2 MORE 
Sa.0-3 ONE«HALF 
Sa.0-3 ONE-THIRD 

9, Answers to Questions in Student's Exercise: 

1, more 

2. closer 
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Laboratory Training Sxercise 
STUDENT* S MANUAL 
Exercise 10 



Hie George Washington University 
Education Research Project 

1966 



DETSmiNING WEIGHTS 



Purtxise 

To understand the operation of a simple balance type scale. 
M3t»r'.als 



Item No. 


Quantitv 


Description 


Source 


1 


1 


Lever Arm 


Lever Kit 


2 


2 


Paper Clip Hooks 


Lever Kit 


3 


1 


1-ounce Weight 


Inclined Plane 


4 


30 


Vfeshers, lA."'' diameter hole 


Inclined Plane 


5 


1 


Friction Rock 


Inclined Plane 


6 


1 


Toy Car 


Inclined Plane 


7 


1 


Spring Scale 


Inclined Plane 


3 


1 


Pegboard Hook 


Inclined Plane 



Steg’ » by~Step Procedure 

Setting UP the board 

1. Put the 6-inch >ire pegboard hook in tw) of the holes in the middle 
of Row 8. 

2. Using the 0 hole, hang the lever arm on the pegboard mounting hook. 
Ihe lever aim balances if it is appro.Tlmat^y lev^. 

3 . Hang the two paper clip hooks from hole 7 in each end of the lever 
aim. Is the aim now svel, or does one end dip more than the other? 

4. Exchange the two hooks. Does it balance better than before? 

5 . Leave the hooks in whichever hole gives the best balance. 



Weighing objects of about 1- ounce 

6. Ronove the paper clip hook from O’.ie end of the lever arm and hang 25 
washers over the hook. 

7 . Hang the paper clip hook with the 25 washers on it in hole 7 and 
hang a l-ounce weight on the opposite hole 7« 



♦ • » 



«r 



8, Add "Mashers or remove them until the aim is approximabely level. 

9. Remove both the weight and the washers and count the >ashers 

( appro ximateLy 22-26), Record this on wne chart on Pago SIO-4, 

THIS SHOWS THAT EACH WASIER VEIGHS 
about OF AN OUNCE. 

10. Kang the friction block on one end of the lever aim and hang a 1-ounce 
weight on the other. 

11. Add Mashers on the side Mith the weight until the lever arm balances. 

12. Remove the weights and friction block and count the ushers. 
Record on the chart the weight of the block. 

13. Put the friction block and the weights in hole 1 on either 
side of the pegboard hook. 

14. Add washers one at a time to the weight side. Notice that 
you can add five or six more washers before the balance 
changes. 

15. Remove the washers added in Step 14 and remove more lashers one at a 
time. Notice you can remove about three or four more before the 
balance changes. 

THIS SHOWS THAT THE LONCSR THE BALANCE 

AIM OF A SCALE IHE ACCURATE 

IT HIOOMES. 

16. Weigh the toy car by hanging it from hole 7 and balance it with a 
weight and washers in the other end of the balance aim. Record the 
weight on the chart on Page SlO-4. 

Weighing objects greater than 1- ounce 

ly. Place a paper clip hook in hole R3 and hole L-6, 

18. Hang the spring scale from hole R3. 
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19. 



« • • 






Hang a 1-ounce weight from hole L6 and add washers until the arm is 
approximately’ level, 

20, Remove the weights and count the washers, 

21, Multiply the total weight (weight and washers) needed to balance the 
scale hy two, Ihis will give you the weight of the scale. Record 
this on Page SlO-4, 

WHEN THE FORCE IS TWICE AS FAR FROM 
THE FOLCR' : \S THE OBJECT TO BE 
VeiGHED, THE FORCE NEEMD IS 
THE LOAD. 

22, Hang one paper clip hook from hole L6 and the other hook from hole R2. 

23, Hang a 1-ounce weight from hole L6. 

24, Hang an object of your own choosing from hole E2 (a number 
of keys, a small metal object, a notebook, or some other 
object you estimate to weigh between three and six ounces). 

25, Determine the weight of the object by counting the weight and 
washers and multiplying by three and recording it on the chart. 

WHEN THE FORCE IS THREE TI1'®S AS FAR 
FROM THE FDLCHJM AS THE OBJECT TO 

WEIGHED, THE FORCE NEEDED IS 

THE LOAD, 

26. Weigh other objects of your choice. ^ moving the weights and the objects 
'to be weighed in "various holes in the lever aim, objects from l/24 of an 
ounce to 1/2 pound (8 ounces) can be weighed with only 3 ounces of weight. 

ODESTIONS 

1, The longer the balance aims, the accurate the scale becomes. 

2. Tb weigh an object heavier than the weights available, you can move 

the object to be weighed to the fulcrum. 
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t 

OBJECT 


WEIGHTS 


WHSiERS 


MULTIPLY 
(FORCE DISTANCE 
DIVIDED BSr 
LOAD DISTANCE) 


i 

1 

1 

1 

TOTAL VfilGHT 
(REDUCE FRACTIONS) 


l«-ounce 

Weight 






7/7 = 1 




Friction 

Block 






7/7 = 1 




Toy Car 






7/7 = 1 




Spring 

Scale 






6/3 = 2 




Others 






6/2 = 3 












































1* 

!i 1 






i 

1 

1 

L _ ■ 


1 

1 

[ 



Space for multiplying (multiply weights and washers s irately, 

reduce improper fractions) 



aoJf 



